WHAT'S KNOWN ON THIS SUBJECT: Information on infant safety after exposure to maternal antiretroviral regimens during pregnancy in international clinical trials is lacking. As antiretroviral drugs are released to populations in resource-limited settings through clinical trials, it becomes critical to collect pediatric outcome data.
The use of antiretrovirals (ARVs) in pregnant HIV-1-infected women has been highly beneficial to the mother/ infant pair. [1] [2] [3] [4] [5] Depending on safety and toxicity profiles, ARVs can be adjusted before conception or during pregnancy to reduce potential adverse events. It is critical to collect data on their safety during pregnancy and to monitor potential toxicities in infants after exposure to maternal regimens. The AIDS Clinical Trials Group protocol A5190/ International Maternal Pediatric Adolescent AIDS Clinical Trials Group P1054 was a prospective, observational, cohort study of infants born to HIV-1-infected mothers enrolled in National Institutes of Health (NIH)-sponsored ARV trials in resource-limited settings. Infants were enrolled from birth and followed for 18 months. The primary objective was to assess the safety of infant exposure to maternal ARV during pregnancy and postpartum.
METHODS
The study was a prospective, observational cohort assessing the safety of in utero, intrapartum, and breast milk exposures to maternal ARVs. The study population consisted of live-born infants of HIV-1-infected women enrolled in NIHsponsored international trials. Three ARV treatment studies and 2 ARV prevention of mother-to-child transmission (PMTCT) study groups participated.
A5175 is a Phase IV randomized trial of once-daily protease inhibitor and oncedaily nonnucleoside reverse transcriptase inhibitor-containing combinations for initial treatment of HIV-1-infected individuals in resource-limited settings (PEARLS). 6 A5208 is a randomized comparison of combination therapy to optimize therapy after nevirapine (NVP) exposure (OCTANE). 7 HPTN 052 is a randomized trial to evaluate ARV effectiveness to prevent sexual HIV transmission in serodiscordant couples. 8 A5207 is a randomized comparison of 3 ARV strategies given for 7 or 21 days to reduce NVP resistance after single-dose NVP. 9 And P1032 is a randomized study of zidovudine (ZDV)/didanosine or ZDV/ didanosine/lopinavir-ritonavir to reduce NVP resistance after single-dose NVP. 10 Exposure of infants to ARVs was assessed via maternal ARVs in utero, via direct administration, and via breastfeeding. In utero ARV exposure is detailed in Table 1 . The degree of exposure to maternal ARV varied by study and was categorized as exposure to $3 ARVs during pregnancy; $7 days of ZDV prophylaxis in utero plus intrapartum exposure to ARV, or intrapartum exposure to ARV. Direct exposure of infants to ARVs included single-dose NVP and single-dose NVP + ZDV. Maternal parameters included HIV-1 virus load and CD4 (cluster of differentiation 4 [T4 helper cell]) counts closest to delivery, medical history, and clinical status. Infants had 6 study visits over 18 months. Assessments included weight, height, head circumference, and laboratory evaluations (complete blood counts, liver function tests, serum chemistries, and urinalysis). HIV-1 RNA polymerase chain reaction (PCR) (Roche Amplicor Monitor Test, Version 1.5, Roche Molecular Diagnostics, Pleasanton, CA) was performed up to 12 months for breastfed infants and up to 3 months for nonbreastfed infants. HIV-1 antibody enzyme immunoassay was performed at 18 months. VDRL/rapid plasma regain testing was performed at the first visit.
All participating sites were clinical research centers affiliated with NIH networks. All mothers provided written informed consent. The study was approved by foreign institutional review boards and collaborating US institutions.
Statistical analysis was descriptive. A5190/P1054 was not powered to detect specific differences between rates of adverse events in ARV study arms. A 2-sided nominal P value ,.05 was used to indicate comparisons for additional exploration. Comparisons between groups for continuous variables used Kruskal-Wallis tests while comparisons between categorical variables used Fisher' s exact test. Comparisons between groups for safety data used the log-rank test. Rates were estimated by using the Kaplan-Meier method with Greenwood' s confidence intervals (CIs).
RESULTS
From June 2006 to December 2008, 236 infants were enrolled (Table 2) , 74% within the first week of life. The majority of infants (n = 212) were enrolled through perinatal studies (P1032 = 151, A5207 = 61) in which ARV exposure occurred in the third trimester of pregnancy and/or intrapartum. Twenty-four infants were enrolled from adult treatment studies. Within the cohort, 29 (12%) infants were breastfed, all in African countries. Table 3 demonstrates the degree of exposure to maternal ARV and infant ARV exposure. Of 236 infants, 232 (98%) completed 6 months and 222 3 ). Maternal virus load near delivery was ,400 copies/mL of HIV RNA in 28% of mothers, ,1000 copies/mL in 39%, between 1000 and 10 000 copies/mL in 36%, between 10 000 and 100 000 copies/mL in 23%, and .100 000 copies/mL in 2%. Fifty-four percent of women with CD4 cell counts $500 had viral load ,1000; conversely, 39% of women in the 200 to 349 cells/ mm 3 CD4 cell stratum had viral loads $10 000 copies/mL. Ninety-two percent of women (22 of 24) on regimens with $3 ARVs had viral loads ,1000 copies/mL, compared with 36% of women (68 of 191) who received antepartum ZDV and intrapartum ARV and 10% (2 of 21) of women who only received intrapartum ARV.
There were 4 transmission events, with 4 infants identified as HIV infected during the 18-month period: 2 in Thailand, 2 in Africa (HIV-1 transmission rate: 1.8%; 95% CI, 0.048%-3.6%). All transmissions occurred in infants born to women who received antepartum ZDV throughout pregnancy and/or intrapartum ARV. One infant in Thailand had documented in utero transmission with a positive HIV-1 DNA PCR in the first day of life. Another Thai infant had sequentially negative HIV-1 DNA PCR results until 12 weeks but a positive antibody result at 12 months with retrospective RNA PCR testing showing transmission between 12 and 24 weeks of age. A third infant had late postnatal transmission with first positive HIV-1 RNA PCR at 9 months. One breastfed infant had positive antibody results at 19 months of age despite negative HIV-1 RNA PCR results to 12 months. Three of 4 infants were infected in the late postnatal period when mothers were no longer receiving ARVs through a study intervention when transmission occurred. Ninety-four percent of infants (n = 222) were not HIV-1 infected. Of 14 infants who died or were lost to follow-up, HIV-1 infection was indeterminate in 7. Of 6 breastfed infants lost to follow-up before 18 months, none had laboratory evidence of HIV-1 infection at the last visit. HIV-1-free survival was 98.7% (95% CI, 97.3%-99.9%) at 6 months and 96.4% (95% CI, 94.0%-98.9%) at 18 months.
Eighty-six percent of infants (n = 202) had a birth weight .2.5 kg and 10% (n = 24) were between 1.5 and 2.5 kg. Birth weight was not recorded in 4%. Seventy-seven percent of infants were born at term ($37 weeks' gestation), 8% had a gestational age between 32 and 37 weeks, and for 15% gestational age was not recorded. No statistically significant differences in birth weight or gestational age were observed based on maternal ARV regimen, viral load, CD4 cell count, infant' s ARV regimen, or place of birth (P . .5). In utero development was adequate in 76% of infants, categorized as appropriate for gestational age. Ten infants were classified as small for gestational age, and 10 as large for gestational age (4% each), with classification not performed in 14%. Three (1%) additional infants were classified as having intrauterine growth retardation. No statistically significant associations were observed between intrauterine growth parameters and maternal ARV, infant' s ARV, or maternal viral load or CD4 cell count. All infants with intrauterine growth retardation classification were from India, and all infants in the large for gestational age category were Thai. Apgar scores were $7 at 1 minute in 94% and in all infants by 5 minutes. No statistically significant associations were observed between Apgar scores and maternal parameters (P . .20).
A high proportion of surgical deliveries occurred: 53% of infants were born by spontaneous vaginal delivery, 45% by cesarean section, and 2% by forceps/ vacuum extraction. Cesarean sections were performed for delivery of all Indian infants (n = 47), 38% of Thai infants (n = 58), and in 1 (3%) of 36 African deliveries. This reflects a difference in approach to mode of delivery by setting and was statistically significant (P , .001). No statistically significant associations In the first 6 months, 23 infants had at least 1 hospitalization, and 3 had $2 admissions (11% hospitalization). By 18 months, 36 infants were hospitalized once, and 11 had $2 admissions (20% hospitalization). The median duration of hospitalization was 5 days (range, 2-51 days). The majority occurred in uninfected infants for common childhood illnesses, (respiratory/gastrointestinal infections). Hospitalizations did not vary by geographic area: 11% in Africa, 17% in India, and 23% in Thailand (P = .25).
Median weight, height, head circumference and corresponding z scores are detailed in Fig 1. There were significant differences by geographic region for weight, weight-for-age z scores (WAZ), height, and height-for-age z scores (HAZ) at all time points, as well as head circumference up to 9 months of age and head-circumference-for-age z scores up to 6 months of age. Infants in India (nonbreastfed) had the lowest or second lowest median weights at all time points. Nonbreastfed infants in Africa had the largest median weight. Weight differences were observed at later time points (ages 9, 12, and 18 months). Specifically, African infants had lower median weights and WAZ after the first 6 months of life, and most were exposed in utero to $3 ARV drugs. Statistically significant differences by maternal viral load were observed at 3 months in infant length and HAZ (but not weight or WAZ) (P = .014, P = .007, respectively), 6 months for HAZ (P = .044), and 18 months for both parameters (P = .032, P = .02). The 5 infants born to mothers with $100 000 copies/mL RNA had the shortest stature and HAZ within the cohort.
Throughout the first 18 months of life, 89 (38%) infants had $1 grade 3 or 4 serious adverse event (SAE) ( Table 4) . The most common laboratory abnormality was hematologic, primarily anemia (13%). Abnormal chemistries were primarily due to high potassium levels in infancy (8%), without clinical repercussions. Abnormal liver function findings were primarily due to hyperbilirubinemia in the neonatal period (4%) or transaminase elevations (5%).
FIGURE 1
Median weight, height, and head circumference and WAZ, HAZ, and head-circumference-for-age z scores are plotted. By maternal ARV exposure, serious adverse event (grades 3-5) rates were 38% in triple ARV-exposed infants (9 of 24), 35% in ZDV-exposed infants (67 of 191), and 62% in intrapartum-only ARVexposed infants (13 of 21) (P = .01). No statistically significant differences in grades 3 to 5 adverse events by geography, maternal CD4 cell count, or maternal viral load were observed.
Neonatal medical conditions were present in 30% of infants (n = 70), as shown in Table 4 , (39% of Thai, 17% of Indian, and 6% of African infants). Beyond the neonatal period, clinical conditions were frequently diagnosed (Table 4) . Sixty-seven percent of Thai infants had $1 event in the newborn period and 84% had events beyond this period. Thai infants constituted 64% of the patient cohort, and all were in the ZDV-in-pregnancy-arm receiving ZDV/ single-dose NVP in the neonatal period.
Reporting of $1 clinical diagnosis varied geographically: 84% of infants in Thailand, 31% in Africa, and 9% in India.
Congenital abnormalities/inborn errors of metabolism (n = 24) were reported in 18 (7.6%) children as shown in Table 4 . Except for 1 case of hydrocele, all were Thai infants (11%; 95% CI, 6.7%-17%).
None of the infants with congenital defects had first-trimester exposure to maternal ARV. No significant associations with maternal CD4 or viral load were observed.
Four deaths occurred (1.8%; 95% CI, 0.05%-3.49%): 3 infants in Africa from gastroenteritis, pneumonia, and pneumonia/malnutrition. The remaining death was in Thailand, in an 8-week-old infant with trisomy 21 and cardiac defects with aspiration pneumonia. All infants who died had negative HIV-1 DNA PCRs.
DISCUSSION
A5190/P1054 was designed to monitor pregnancy and infant outcomes in subjects participating in NIH-sponsored international trials that used ARV for maternal treatment or PMTCT purposes. It accompanied the debut of a large international initiative by the NIH with the release of multiple ARV trials in the early to mid-2000s. The present analysis focused on infant outcomes in a protocol endorsed by the ACTG, HPTN, and IMPAACT networks. A5190/P1054 demonstrated the feasibility of extended monitoring of HIV-exposed infants up to 18 months of age in settings where clinical trials infrastructure is in place and trained medical staff are available for recognition of clinical events. Although a relatively high percentage of eligible infants was enrolled while parent studies and the current study were enrolling simultaneously (∼85%, data not shown), the absolute number of subjects participating in the current study was relatively small. Enrollment of mother/infant pairs in observational studies, particularly internationally, can pose a challenge, especially when participating sites are not inherently affiliated with pediatric networks. Synchronization of maternal and infant visits can be difficult, as clinics might have different locations or schedules, complicating transportation and logistics. Enrollment from adult sites was initially slower, but the challenge was overcome once pediatric providers were incorporated by sites for performance of study visits. In a time of competing priorities and budget restraints, observational safety studies with longterm follow-up are not as competitive for funding as intervention studies. Nevertheless, it was shown through this endeavor that clinical trial sites in diverse settings are capable of effectively managing children of women enrolled in research protocols. Careful clinical monitoring demonstrated that in HIVexposed, uninfected infants, conditions requiring medical attention were not infrequent, but long-lasting clinical repercussions were rare.
The vast majority of subjects (95%) did not have first-trimester exposure to maternal ARV; therefore, the study did not assess the safety of triple ARV during embryogenesis. However, no significant association was observed ARTICLE between later maternal exposure to ARV, particularly ZDV and intrapartum single-dose NVP plus 2 or 3 other ARVs, and SAEs. Postpartum ARV exposure was rare as only 12% of infants were breastfed. Findings were reflective of the natural history of HIV exposure in infants who received maternal ARV in later months of intrauterine life.
One critical finding was the excellent HIV-free survival observed at 18 months of age. Intrapartum HIV-1 transmission was not noted, as 1 infant had diagnosed in utero infection, and the remaining 3 infants had late postpartum HIV acquisition, long after PMTCT interventions were completed. Although women with lower CD4 cell counts are at higher risk of HIV-1 mother-to-child transmission, transmitting mothers had higher cell numbers and came from perinatal studies evaluating tailend ARV regimens for prevention of NVP resistance. None of the 24 mothers receiving multiple ARV for treatment purposes transmitted HIV-1 (92% had viral loads ,1000 copies/mL). Mode of delivery reflected country practices with a high cesarean section rate of 45% which could also explain no intrapartum HIV transmission. Most deliveries were hospital based, including 74% of deliveries in Malawi and Zimbabwe. This likely reflected the participation of clinical trial sites with greater resources, increased surveillance, and greater patient access to care. Infant mortality was not associated with HIV status.
Birth and neonatal parameters were within normal limits and varied by geographic region. Indian infants had the lowest growth parameters in the first months of life, while Thai infants had significantly higher WAZ and HAZ in the first months, as did African infants. However, at later time points, infants born in Africa had the lowest growth parameters (negative WAZ and HAZ), consistent with weaning practices in the second or third semesters of life, a phenomenon observed in breastfeeding studies. [11] [12] [13] [14] One interesting finding was the association between higher maternal viral load and shorter infant stature at 3, 6, and 18 months. Studies have demonstrated a positive association between maternal health and infant outcomes as late as 12 months of age. [15] [16] [17] The potential association between maternal viremia and infant stunting deserves further investigation.
The relatively large number of reported adverse events was likely due to increased study surveillance. Likewise, a much larger proportion of Thai infants had clinical diagnoses or adverse events (84%) as opposed to Indian or African infants, and they also had higher hospitalization rates. The reason why Thai infants had relatively high rates of congenital malformations or inborn errors of metabolism is unclear. Thai infants were exposed to ZDV prophylaxis only in later months of pregnancy. Congenital malformation rates are reported at ∼3% to 6% in HIV-exposed infant cohorts 18, 19 but longer periods of observation tend to uncover higher rates of conditions unidentified at birth. 20 One advantage of prospectively managing HIV-exposed infants is the opportunity for multiple diagnostic evaluations, which enable detection of clinical conditions, something that cannot be ascertained through antiretroviral pregnancy registries, as these do not include follow-up for infants. There were a number of SAEs reported in this study that would require additional follow-up time for evaluation of clinical significance and/or potential resolution as there is a paucity of data on long-term pediatric outcomes. Another plausible explanation for the high rate of congenital defects is increased diagnostic capacity at selected sites, which potentially could explain the higher rate of findings observed in Thailand. This underscores the need for longitudinal data from HIV-exposed pediatric populations, since comparative population data are not available. Had ARV exposures occurred within the first trimester of pregnancy in the current study, the higher rate of congenital malformations might have been erroneously associated with maternal ARV use. Longer periods of infant follow-up are also necessary for identification of potential mitochondrial dysfunction or neurologic disorders.
A5190/P1054 did not uncover an association between adverse events in HIV-exposed infants and moderate maternal ARV exposure (95% women had no first-trimester ARVexposure and 90% had notriple-ARVexposure), although alarger cohort would be needed to evaluate associations with lower frequency rates. Data from this study, nevertheless, are reassuring as they suggest that participation of pregnant patients in ARV clinical trials renders benefits to women and their infants. Continued monitoring of infant safety, however, is paramount as unexpected outcomes after in utero exposure to drugs might not be easily recognizable. 21 Infant safety data should be systematically collected as our findings document that this approach is feasible and acceptable within the network infrastructure. This approach should be continued as novel ARVs are made available through international research initiatives.
